Europaisches 
Patentamt 



European I / 



5"/ ^6Q 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem nach- 
sten Bfatt bezeichneten 
europSischen Paten tan mel- 
dung Qberein. 



The attached documents Les documents fix^ d 
are exact copies of the cette attestation sont 
European patent application conformes a la version 
described on the following initialement depos^e de 
page, as originally filed. la demande de brevet 

europ6en sp^dfite ^ la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

03103700.5 




PRIORITY 

DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPUANCE WITH RULE 17.1(a) OR (b) 



Der PrSsident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de I'Office europeen des brevets 

P.O. 



RCvan Dijk 



iLABlE COPY 



Europalsches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 

Application no.: 03103700.5 
Demande no: 



Anmeldetag: 
Date of filing: 
Date de d€pdt: 



06.10.03 



Anmel der/Appl 1cant( s)/DeinandeurC s) : 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezel chnung der Erf Indung/Tltle of the Inventlon/Tl tre de 1 'Invention: 
(Falls die Bezel chnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu6 se ref erer a la description.) 

Multiple layer optical disc» and device for writing such disc 

In Anspruch genommene Prloriat(en) / PrIorltyCles) claimed /Pr1or1t6(s) 
revend1qu€e(s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./P^s/Date/Num€ro de d^pot: 



Internationale Patentklasslflkati on/International Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flllng/Etats contractants d^slgn^es lors du d^pot: 



AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT RO SE SI SK TR LI 



G11B7/00 



03103700. 5 
EPA/EPO/OEB Form 1014.2 - 01.2000 



7001014 



2 



PHNL031225EPP 

1 06.10.2003 
Multiple layer optical disc, and device for writing such disc 



FIELD OF THE INVENTION 

The present invention relates in general to a multq)le layer optical storage disc, 
and to a method and device for writing information into such disc. 



5 BACKGROUND OF THE INVENTION 

As is commonly known, an optical storage disc comprise at least one track, 
either in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information maybe stored in the form of a data pattern. Optical discs are 
very successful, and several different types have been developed One such type is DVD 

10 (Digital Versatile Disc), and the present invention relates x>articularly to DVD discs, more 
particularly to DVD-Video, for which reason the present invCTition will be explained in the 
following for DVD-Video discs. However, the gist of the preset invention is also applicable 
to otibter types of recordable discs; therefore, tiie following description is not to be understood 
as limiting the scope of the present invention to DVD discs only. 

15 Optical discs may be read-only type, where information is recorded dining 

manu&cturing, which information can only be read by a user. The optical storage disc may 
also be a writeable type, where information may be stored by a user. Such discs may be a 
write-once type, indicated as writable (R), but there are also storage discs where information 
can be written many times, indicated as rewritable (RW). In the case of DVD, a distinction is 

20 made between two formats, i.e. DVD-RW and DVmRW. 

For writing information in the storage space of the optical storage disc, tiie 
storage track is scanned by an optical write beam, typically a laser beam, of which the 
intensity is modulated to cause material changes which can later be read out by scanning the 
storage track by an optical read beam. Since tiie technology of optical discs in general, and 

25 the way in which information can be stored in an optical disc, is commonly known, it is not 
necessary here to describe this technology in more detail. 

As is commonly known, memory space of an optical disc is divided into 
blocks, each block having an identification or address, such that a writing ^^paratus can 
access a certain block to write data at a predefined location. In the case of RW-type discs, the 
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storage space is physically present in the form of a groove (+RW) or pre-pils (-RW), the 
blocks are predelQned, and the addresses are already allocated and coded in physical hardware 
features of the storage space. These addresses will be indicated as physical addresses. The 
combination of all physical addresses will also be indicated as physical storage space. 
S Typically, an optical storage system comprises an optical disc as a record 

medimn, and further comprises a disc drive qoparatus and a host appexatas. The disc drive 
^aratus is a device, comprising optical means for actually writing data, capable of 
accessing storage blocks at the level of physical addresses. Thus, in principle, the entire 
physical storage space is accessible to the disc drive ^aratus. The host ^aratus, which 

10 may be a PC runtiing a suitable program, or an ^>plication of a consumer zqpparatus such as a 
video recorder, is a device which communicates with the disc drive, and sends commands to 
the disc drive instructing tiie disc drive to write certain data to a certain storage location. In 
contrast to the disc drive apparatus, the host apparatus only has access to a part of the 
physical storage space, tins part being indicated as logical storage space, and the storage 

15 blocks in tiie logical storage space also have logical storage addresses. Ahhou^ tiie logical 
storage space does not need to be a physically contiguous storage space, the storage blocks in 
the logical storage space have consecutive logical addresses, which are umaSfy not identical 
to the physical addresses. 

The host ^paratus only has access to storage blocks at the level of logical 

20 addresses. Actually, it is perhaps not entirely correct to say that the host apparatus can access 
storage blocks; after all, the host appaiatas can not access storage blocks directiy, but only 
through the intermediary of the disc drive apparatus. The host apparatus requests the disc 
drive apparatus to access (write or read) a certain logical address. The disc drive apparatus, 
which has information regarding the relation between logical addresses and physical 

25 addresses, makes a translation to the required physical address, and accesses the 
corresponding block at the level of the physical address. 

Conventionally, an optical disc has only one storage layer contaming a storage 
track. More recentiy, optical discs have been developed having two or even more storage 
layers, each storage layer containing a storage track in the shape of a spiral or multiple 

30 concentric circles. In such case, the logical storage space extends over multiple storage 
layers, hence the range of logical addresses extends contiguously over multiple storage 
layers. The transition from the last block of one storage layer to the first block of the next 
storage layer is such that tiie logical address is incremented only by 1. 
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A typical problem occurs in the case of a DVD-Video Disc. According to fhe 
DVD Video Standard, it is (as anile) not possible to continue writing right 
possible block of the first layer, and then to make a transition to the first block of the next 
layer. During writing, DVD Video data is or^nized in cells, and a transition from one layer 
S to the next is only allowed at a ceU boundary. This is related to the £act that, on reading video 
data from disc, it is desirable to have seamless continuation of video image display. Since it 
is usually not known in advance where these cell boundaries will be located, it is not known 
in advance where the transition from one layer to the next will be ntiade. Consequentiy, it is 
not known in advance what tiie highest logical address of one storage layer is; likewise, it is 
10 not known in advance what the relation is between physical addresses and logical addresses 
in the next layer. 

As a consequence, during writing, it is difficult to determine the storage 
opacity of the remaining disc. 

Further, before being able to write in the second layer, a preparation process 

IS indicated as Optimal Power Calibration (OPC) is to be performed, which is performed in a 
dedicated area indicated as OPC area. It is most efficient if this OPC area is located as close 
as possible to the area where the transition from first layer to second layer is made. Further, it 
is most efficient if this OPC procedure can be performed in advance. If it is not known in 
advance where such transition area is located, die OPC area can ody be created at the 

20 moment when the transition is to take place, and also the OPC procedure can take place only 
then, which is disadvantageous because such procedure takes time. 

In the case of a dual layer disc, the structure of the first layer is described in 
the DVD-standard: nimibering of the logical addresses starts at physical address 30000, and 
increases from smaller radius to larger radius. For die next layer, there are two possibilities. 

25 In one possibility, indicated as Parallel Track Path (FTP), the logical addresses are numbered 
fix>m the inner track radius to the outer track radius, too. In another possibility, indicated as 
Opposite Track Path (OTP), the logical addresses are numbered from the outer track radius to 
the inner track radius. In a PTP case, after a jump fix>m the fhst track to 
continues at the innermost track of the available storage space; in such case, fhe storage 

30 capacity of the next track is independent fit)m the location of the last block of the first track. 
In an OTP case, however, after a jurr^ from the first track to the next, writing continues at 
the location of the junip; in such case, the size of die available logical space in the next track 
is clearly dependent on the location of the last block of the first track. 
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In practice, a disc drive does not continue writing till the very last physical 
address of a storage layer before jui^ping to the next storage layer. Instead, the disc drive has 
a parameter which will be indicated hereinafter as LAmax, and which indicates a maximum 
value for the logical addresses of a layer. When, on writing, fte disc drive reaches the block 
wilh logical address LAmax, a jump is made to the next storage layer. Usually, this is not the 
most suitable location with a view to video cell boundaries, but the disc drive itself has no 
means for determining or calculating such boundaries. In contrast, the host device is capable 
of determining video cell boundaries, but Ifae host device is only capable of determining 
logical address^; more particularly, the host device is not capable of instructing the disc 
drive to use a specific physical address, and is not capable of instmcting Ihe disc drive to go 
to a next storage layer. 

An iniportant objective of the present invention is to overcome Ihe above 

difficulties. 

More specifically, an objective of the present invention is to assure that the 
last logical address of a storage layer corresponds to a video cell boundary, in order to assure 
seamless image reproduction on reading. 

In the above, objectives of the present invention have been explained in the 
context of video cell boundaries in the case of writing video data. However, it may be 
desirable for other reasons to be able to adjust the size of tiie logical space of a storage layer, 
i.e. the number of logical addresses in a storage layer. Thereiinre, a g^eral objective of the 
present invention is to be able to vary the size of the logical space of a storage layer. 

SUMMARY OF THE INVENTION 

According to an important aspect of the present invention, a disc drive is 
capable of changing the value LAmax. A host is capable determining a cell boundary, and to 
calculate a suitable value for LAmax, and to send a command to the disc drive, effectively 
instructing the disc drive to take the calculated value for LAmax. In response, the disc drive 
stores this value in a memory location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects, features and advantages of the present invention will 
be further ejqplsdned by the following description with reference to the drawings, in which 
same reference numerals indicate same or similar parts, and in which: 

Figure 1 is a block diagram schematically illustrating a data storage system; 
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Figure 2A is a diagram schematically depicting a double-track storage space of 
a storage medium in a FTP case; 

Figure 2B is a diagram schematically depicting a double-track storage sfpace of 
a storage medium in an OTP case; 

Figure 2C is a diagram schematically depictmg a logical storage space; 

Figure 3 is a diagram schematically depicting a logical storage space as well as 
a video sequence; 

Figure 4 is a diagram schematically depicting a logical storage space as weU as 
a video sequence; 

Figure 5 is a flow diagram schematically illustrating steps of a write method in 
accordance with the present invention; 

Figure 6 is a table illustrating a RESERVE TRACK command suitable for use 
in a write method in accordance with the present invention; 

Figure 7 is a table illustrating a WRITE PARAMETERS MODE PAGE 
command suitable for use in a write method in accordance whh the present invention; 

Figure 8 is a table illustrating a SEND DVD STRUCTURE command suitable 
for use in a write method in accordance with the jxresent invention; 

Figure 9 is a table ilhistrating a format field of a SEND DVD STRUCTURE 

command; 

Figure 10 is a table illustrating a READ DVD STRUCTURE coinmand; 
Figure 1 1 is a table illustrating READ DVD STRUCTURE data. 

DESCRIPTION OF THE INVENTION 

Figure 1 is a block diagram schematically illustrating a data storage system 1, 
comprising a data storage medium 2, a mediimi access device 10, and a host device 20.>In a 
typical practical implementation, the host device 20 may be a suitably prograimned personal 
computer (PC); it is also possible that the data storage system 1 is implemented as a 
dedicated user apparatus such as a video recorder, in which case the host device 20 is the 
application part of such appaxaim. In a specific embodiment, the data storage medium 2 is 
implemented as an optical disc, specifically a DVD, more specifically a DVD4R, in which 
case the medium access device 10 is implemented as a disc drive. In the following, the 
invention wiU be described specifically for an optical disc implementation, but it is noted that 
the present invention is not limited to optical discs. 
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The optical disc 2 has a storage space 3, which has the form of two or more 
continuous spiral-shaped tracks or track in the form of mult5)le concentric circles, where 
information can be stored in the form of a data pattern. Since this technology is commonly 
known to persons skilled in the art, this technology will not be explained in fiirther detail. 
5 The several tracks of the storage space 3 are located in dififerent storage layers 

of the optical disc 2, which storage layers will be indicated LO, LI , ete. Figure 2A is a 
diagram schematically depicting the storage space 3 as a collection of long ribbons, each 
ribbon corresponding to a storage layer LO, LI , for a case wh^ the optical disc 2 has two 
storage layers. The storage space 3 is divided into a large number of blocks 4. Each block has 

10 a physical address, which will hereinafter be indicated as PA. In figure 2A, the physical 
addresses PA are indicated underneath the blocks 4: in each storage layer LO, LI, the 
numbering of the physical addresses starts at zero (left-most block in figure 2A). Each 
following block has an address which is one higher then its previous neighbour. The last 
block has the highest address PO, PI. In case the two storage layers LO and LI have equal 

15 si2e,P0=Pl. 

Most blocks also have a logical address, which will hereinafter be indicated as 
LA; in figure 2A, logical addresses are indicated above the blocks 4. It can be seen that 
numbering starts at LA=0 for a certain block in LO, which typically is the block with 
PA=30000. 

20 The highest logical address in LO is indicated as N; it can be seen that this is 

not necessarily the last block of LO. 

The lowest logical address in the next storage layer LI is LA=N+1, for a 
certain block in LI, which is not necessarily the first block; typically, this is the block with 
PA=30000 in LI, Le. the same physical address as the first logical address LA=0 in the first 

25 storage layer LO, but this is not essential. 

The highest logical address is indicated as N; it can be seen that this does not 
necessarily corresponds to the last block of LI, 

In the first logical layer LO, when comparing two blocks, tiie one with the 
highest logical address also has the highest physical address. In figure 2A, the same ^lies 

30 to the second storage layer LI; such configuration is indicated as Parallel Track Path (FTP). 
Figure 2B is a diagram comparable to figure 2A, for a case of an Opposite Track Path (OTP) 
configuration, in which case increasing logical addresses corresponds to decreasing physical 
addresses. In that case, the radial location of block LA=N in LO corresponds to the radial 
location of block LA=N+1 in LI, as indicated. 

i 
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The blocks having a logical address together d&Gno the logical storage space 
(LSS). Figure 2C is a diagram schematically depicting Hie LSS as one long continuous 
ribbon. In the LSS, the addresses range from zero to M. When the host device 20 wants to 
access acertainpieceofiiifbnnation, it sends a request to the disc drive 10, indicating the 
S corresponding logical address. The disc drive 10 conqyrises a memory 1 1, which contains 
information regarding the relationship between logical addresses LA and physical addresses 
PA, for instance in the form of a look-up table. Based on this information, the disc drive 10 
determines which storage layer and which physical address correspond to the required logical 
address. 

10 Figure 3 is a diagram comparable to figure 2C, showing the LSS, and also 

showing schematically a video sequence 30, for instance corresponding to a movie, also 
illustratedasaribbon, which extends firom a location in LO to a location in LI. The video 
sequence 30 has a start 31 and an end 39. The data of the video sequence 30 define video 
cells 3S; cell botmdaries between the video cells 35 are indicated at 34. Wifh res^>ect to 

IS "video cells", reference is made to part in of the DVD video specification. 

In figure 1, a host/drive communication link between host device 20 and disc 
drive 10 is indicated at S. Likewise, a drive/disc communication link between disc drive 10 
and disc 2 is indicated at 6. The drive/disc communication link 6 represents the physical 
(optical) read/write operation as well as the physical addressing of blocks 4 of the storage 

20 space 3. The hosti^drive communication link 5 represents a data transfer path as well as a 
command transfer path. 

Assume that a data storage syst^ 1 , not implemented in accordance to the 
present invention, is to store the video sequence 30. The host device 20 transfers the video 
sequCTLce 30 to the disc drive 10 over host/drive communication link S, and the disc drive 10 

25 writes tile video sequence 30 to disc 2 over drive/disc communicati<»i link 6, wherein the 
start 31 of the video sequence 30 is written at a block in LO having a certain logical address 
LAsTART which may be determined by the host device 20, or which may be the first available 
block after a previous recording. 

The disc drive 10 has an address limit memory 12, containing a de&ult value 

30 for a parameter LAmax indicating the maximum value of the logical addresses in Hie first 

storage layer LO. The disc drive 10 is designed to compare the logical addresses of the blocks 
accessed with the value of LAmax in its address limit memory 12. As writing continues, the 
logical addresses increase. If the block is reached for which LA = LAmax, Ihe disc drive 10 
makes a transition to the first available block in the next storage layer LI, which now obtains 
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logical address LA = LAmax + 1. It can be seen in figure 3 that this transition corresponds to 
a location somewhere within a video cell 35. 

Figure 4 is a diagram con:]parable to figure 3, now for the case of a data 
storage system 1 in^lemented in accordance with the present invention. Figure S is a flow 
S diagram, schematically illustrating steps of the operation 200 of the host device 20 and Ihe 
operation 100 of the disc drive 10 when performing a write metiiod in accordance with tiie 
present inventioTL 

The host device 20 sends video data to the disc drive 10 [step 21 1]. The disc 
drive 10 receives these data [step 131] and writes the data received to disc 2 [step 132]. 

10 After having convicted a block [step 151], the disc drive 10 compares the 

logical address LA of the curmit block with the value of LAmax in its address limit memory 
12 [step 152]. If the upper limit LAmax has been reached, the disc drive makes a transition 
[step 153] to the first available block in the next storage layer LI, otherwise this transition 
step is skipped. In r^ect of the next available block, the logical address LA is increased by 

15 one [step 161], and this address is communicated to the host device [step 162]. Then, 
operation of the disc drive returns to step 131. 

The host device 20 receives the logical address LA as communicated by tiie 
disc drive 10 [step 212]. This information allows the host device 20 to keep track of the 
recording location of the video data, if desired 

20 The host device 20 is capable to evaluate the video data to be written, and is 

thus enable to determine where cell boundaries are to be expected [step 221]. 

According to an iooportant aspect of the jiresent invention, the host device 20 
determines whether it should fibic a value fcfr the last logical address in LO [step 222]. For 
instance, it may be that the host device 20 finds that only a small number of cells fit into the 

25 remaining part of LO. If the host device 20 decides to fix a value for the last logical address in 
LO, it determines a value LAmax [step 223], and it sends [step 224] a special command to tiie 
disc drive 10, which will hereinafter be indicated as Limit Fix Command LFC. Then, 
operation of the host device returns to step 21 1. 

In tiie step of determining a value LAmax, the host device 20 takes into 

30 consideration tiie cell boundaries as determined in step 221 . Particularly, the host device 20 
determines the value LAmax such tiiat the block having address LA = LAmax receives tiie 
last block of a video cell. 
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The disc drive 10 checks whether it receives the Limit Fix Command LFC 
[step 141]. If it does, it derives LAmax from &e Limit Fix Comanand LFC [step 142], and it 
stores this value into its address limit memory 12 [step 143]. 

Consequently, when later the block having address LA = LAmax is written, it 
S receives the last block of a video cell, and tiie first available block in the next storage layer 
LI receives the first block of a next video cell, sothatthe transition fit>m the first storage 
layer LO to the next storage layer LI corresponds to a video cell boundary 34, as illustrated in 
figure 4. 

The information contained in the Limit Fix Command LFC should be such as 

10 to enable the disc drive 10 to derive LAmax. It is possible that the Limit Fix Command LFC 
contains the value of LAmax itself, or another number directly related to LAmax, which is 
specifically suitable in cases where it is desirable to align storage blocks 4 with video cell 
boundaries 34. However, it is also possible that it is desirable to singly fix the maximally 
available size of the storage space 3, for instance to ad£^t this maTrimum to a video recording 

IS to be written, hi such case, it mi^t be suitable to send infsrma^ 

which case the disc drive 10 may derive LAmax from the information received, ei&er by 
division by 2 (suitable in the case of OTP) or by subtracting the ftdl size of the second 
storage layer LI (suitable in the case of FTP). 

In a preferred embodiment, also illustrated in figure S, the disc drive 10 is 

20 designed to also write LAmax to a predetermined location on disc [step 144], which location 
may be located in a part of tibte storage space 3 reserved for use by the disc drive. This ofiTers 
the advantage that it is possible to fix LAmax for a certain disc, which value of LAmax is 
also respected by other disc drives. To this end, it is fimher preferred that the disc drive 10 is 
adapted, on receiving a new disc 2, to read the said predetermined location of the disc [step 

25 121] and to store the read value into the address limit memory 12 [step 122], as also 
illustrated in figure S. If the disc does not have a value for LAmax written in said 
predetermined location, the disc drive 10 maintains the de&ult setting for LAmax. 

The disc drive 10 may read the information of said predetermined location of 
the disc on its own initiative, or on receiving a Disc Read Command fi'om Ifae host 20, or 

30 both, hi the embodiment illustrated in figure 5, the host 20 is ad^ted to first send a Disc 
Read Command to tiie disc drive [step 201]. The disc drive 10 receives the Disc Read 
Command [step 120], and, in r^onse, it reads the said predetermined location of the disc 
[step 121], and sends to the host 20 a Disc Read Response containing information relating to 
LAmax [step 123]. The host 20 receives [step 202] this information, which may be a value 
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identical to LAmax or a value j&om which LAmax can be derived. If the disc does not have a 
value for LAmax written in said predetermined location, the disc drive 10 may send the 
defeult address, but it is also possible that the disc drive sends a code, for instance address = 
zero, indicating that LAmax has not been fixed yet 

The information in the Disc Read Response received firom the disc drive 10 is 
used by the host 20, in step 222, when the host 20 detennines whetiier or not it should fix a 
value for the last logical address in LO. If the information in the Disc Read Response 
indicates fliat the host 20 is fi:ee to amend LAmax, operation of steps 221-224 continues as 
described above. However, if the infomiation in the Disc Read Response indicates that it is 
not possible to amend LAmax, for instance because LAmax has already been fixed 
previously, tiie host 20 will always exit step 222 at Ihe NO exit, effectively skipping steps 
223-224; or, the host 20 may even slqp step 222. 

There are several practical possibilities envisaged for implementing the Limit 
Fix Command LFC. First, it is of course possible to define an entirely new command. 
However, it is easier to adapt existing commands of an existing command set An example of 
a widely used command set is indicated as MMC3, also indicated as "Mount Fuji" (see, for 
instance, ww.tlO.oig: "Multunedia Command Set Vision 3 Revision lOG"). In the 
following, several examples of suitable existing commands will be described. 

EXAMPLE 1: RESERVE TRACK (RT) 

As illuslratedby the table in figure 6, the RT command comprises 10 bytes of 
8 bits each. Bytes 1 to 4 are reserved for later definition, i.e. tixey do not have a defined 
meaning yet So, it is possible to use any one of the bits of these bytes as "Define LAmax" bit 
DL, indicating that the RT command is to be taken as a Limit Fix Command LFC. For 
instance, as ixulicated, the value of bit 0 of byte 1 may indicate RT=LFC. Bytes 5 to 8 contain 
"reservation size", wherein bjrte 8 is the least significant byte while byte 5 is the most 
significant byte. In the case that the RT command is used as Limit Fix Command LFC, these 
bytes S to 8 may contain a value indicating LAmax. 

EXAMPLE 2 : WRITE PARAMETERS PAGE (WPP) 

As illustrated by the table in figure 7, the WPP command comprises 56 bytes 
of 8 bits each. Bytes 32 to 47 contain 'Tntemational Standard recording Code", which does 
not hold for DVD, therefore these bytes could contain a value indicating LAmax. Several 
bytes are rested for later definition, ie. they do not have a defined meaning yet, for 
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instance bit 6 of byte 0, bits 4-7 of byte 4, byte 6, bits 6-7 of byte 7, byte 9. So, it is possible 
to use any one of these bits as "Define LAmax** bit DL^ indicating that the WPP conunand is 
to be taken as a Limit Fix Command LFC. For instance, as indicated, the value of bit 6 of 
byte 0 may indicate WPP=LFC. 

5 

EXAMPLE 3: SEND DVD STRUCTURE (SDS) 

As illustrated by the table in figure 8, the SDS conomand comprises 17 bytes 

of 8 bits each. Bytes 1 to 6 are reserved for later definition, i.e. they do not have a defined 

meaning yet. So, it is possible to use any one of these bits as 'T)efine LAmax" bit DL, 
10 indicating that the SDS command is to be taken as a Limit Fix Command LFC, in which case 

bytes 8-9, which contain "stracture data length", may contain a value indicating LAmax. 

It is also possible to use byte 7, which contains a "format code", its value 

containing a definition for the meaning of the following bytes. The table in figure 9 illustrates 

the current definilicm of tihie format field. Value 20h for byte 7 may for instance be used to 
1 S indicate that the SDS command contains 17 bytes, and that bytes 14-16 contain a value 

indicating LAmax. 

There are also several practical possibilities envisaged for implementing the 
Read Disc Command. A suitable existing command is the read dvd stracture command. 

20 EXAMPLE 4: READ DVD STRUCTURE (RDS) 

As illustrated by the table in figure 10, the RDS command coinprises 12 bjrtes 
of 8 bits each. Byte 7 contains a format code, which indicates the meaning of the RDS 
comutnand; Bytes 2-5 contain address information as a parameter to this RDS command, 
which parameter is not necessary in the case of a Read Disc Command since the disc drive 10 

25 will know at v^ch address to look. For instance, value 20h for the format code might be 
used to indicate that the RDS command is to be taken as aReadDisc Comnaand. 

Figure 11 is a table illustrating a possible Disc Read Response which might be 
sent by the disc drive 10 to the host 20. The Read DVD Structure Data format conqnises a 
30 field having the name "DVD Lead-in Structure", containing S byt^ of 8 bits each. For 
instance, hyte 2-4 of this field may be used to indicate the logical address of the last user 
sector in the first layer LO. This niay be done by directiy giving the value of L^^ 
also possible, for instance, to give the physical address of the last user sector in the first layer 
LO, firom which LAmax can be derived 



PHNL031225EPP 



12 06.10.2003 
It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that several variations and 
modifications are possible within the protective scope of the invention as defined in Ifae 
appending claims. 

S For instance, the above-mentioned examples do not involve an exhaustive 

listing; it is possible to use other existing commands for instructing a disc drive to fix an 
upper value for the logical addresses in a storage layer, but, at least currently, ihe examples 
mentioned are preferred. 

Further, instead of sending Hie limit fix command as embedded in video data, 
10 it is also possible that the host device 20 sends the limit fix command independent from video 
data. 

In the above, the invention has been explained for the case of a disc having 
two storage layers. However, the gist of Ihe present invention is also applicable in the case of 
multiple layers. In a limit fix coromand, the host may include the identity of the layer for 
IS which the limit is to be fixed, but it is also possible that the limit fix conmiand is always 
interpreted as applying to the layer currently be written. 

It may be possible that the host sends &e limit fix command when it is 
transferring the last video cell that will fit in the current layer. However, it is also possible 
that the host is capable of determiiung where the cell boundaries are a long time in advance, 
20 so that the limit fix conmiand may be sent a long time before transferral of the last video cell. 

In the above, the present invention has been explained wifli reference to block 
diagrams, which illustrate fimctional blocks of the device according to the present invention. 
It is to be understood that one or more of these functional blocks may be itiiplemented in 
hardware, where the fimction of such functional block is perfimned by individual hardware 
25 componrats, but it is also possible that one or more of these fimctional blocks are 

implemented in software, so that the function of such functional block is performed by one or 
more program lines of a computer program or a programmable device such as a 
microprocessor, microcontroller, digital signal processor, etc. 
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CLAIMS: 



1 . Medium access device (10), capable of writing information in a logical storage 
space (LSS) of a storage medium (2) which has a physical storage space (3) con:9rising two 
or more layers (LO; LI) of physical storage locations, each storage location (4) having a 
physical address (PA), Ihe logical storage space (LSS) comprising storage locations within a 

S first one (LO) of said layers and within a subsequent one (LI) of said layers, the storage 

locations in said logical storage space (LSS) having contiguously numbered logical addresses 
(LA); 

the medium access device (10) having an address limit memory (12), 
containing at least a value for a parameter LAmax indicating the maximum value of the 
10 logical addresses (LA) of the storage locations (4) in the said first storage layer (LO); 

the medium access device (10) being capable of changing the value in said 
address limit memory (12). 

2. Medium access device (10) according to claim 1, designed, while writing in 

1 5 said first storage layer (LO), to compare the logical address (LA) of the current block with the 
value of LAmax in its address limit memory (12) [step 152], and, if the result of this 
comparison shows that the iqiper limit LAmax has been reached for said first storage layer 
QLO), to make a transition [step 153] to the first available block in the next storage layer (LI). 

20 3. Medium access device (10) according to claim 1, designed to store a certain 

value (LAmsx) into its address limit memory (12), and to write the same value to a 
predetermined storage location of said storage medium (2). 

4. Writeable storage medium (2) having a physical storage space (3) comprising 

25 two or more layers (LO; LI) of physical storage locations, each storage location (4) having a 
physical address (PA), the physical storage space (3) comprising a logical storage space 
^LSS) which contains storage locations within a first one (LO) of said layers and within a 
subsequent one (LI) of said layers, the storage locations in said logical storage space (LSS) 
having contiguously nunibered logical addresses (LA); 
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the storage medium (2) having at least one predetemuned storage location for 
containing a value for a parameter LAmax indicating the maximum value of the logical 
addresses (LA) of tibe storage locations (4) in the said first storage layer (LO). 



5 5. Medium access device (10) according to claim 1, capable of writing 

information in the logical storage space (LSS) of a storage medium (2) according to claim 4, 
the device being designed to read the value for said parameter LAmax fiom said 
predetermined storage location and to store tins value into its address limit memory (12). 

10 6. Host device (20), capable of cooperating with a medium access device (10) 

according to claim 1, the host device (20) being designed to send data to said medium access 
device (10), the data containing information to be written on said medium (2) and/or 
containing instractions for said medium access device (10); 

the host device (20) being designed to send a limit fix command to said 

15 medium access device (10) for instructing said medium access device (10) to store a host- 
determined value into its address limit memory (12). 

7. Host device according to claim 6, being designed to send a video signal to said 
medium access device (10), the host device (20) being capable of evaluating the video signal 

20 to be written, to determine where cell boundaries (34) in this video signal are to be expected 
[step 221], to calculate a suitable value for said parameter LAmax so that a block (4) for 
which LA = LAmax applies conesfponds to a cell boundary, and to send a limit fix command 
to said medium access device (10) for instracting said medium access device (10) to store 
said calculated value into its address limit memory (12). 

25 

8. Medium access device (10) according to claim 1, capable of cooperating with 
a host device according to claim 6, the device being designed to receive a limit fix command 
fi-om said host device, and, in response, to derive a value for LAmax fix>m said limit fix 
command and to store this value into its address limit memory (12). 

30 

9. Host device according to claim 6, being designed to send a Disc Read 
Conmiand to said medium access device (10), to receive a Disc Read Response fixmi said 
medium access device (10), indicating whether or not said parameter LAmax is changeable. 
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for instance by indicating fhat said parameter LAmax has already been set to a certain host- 
detennined value; 

the host device (20), in response to receiving a Disc Read Response from said 
medium access device (10), indicating that said parameter LAmax can not be changed, being 
5 designed to avoid sending the limit fix command. 

10. Medium access device (10) according to claim 1, capable of cooperating with 
a host device according to claim 9, the device being designed to receive a Disc Read 
Command from said host device, and, in response, to read the value for said parameter 

10 LAmax from said predetermined storage location and to send to the host device a Disc Read 
Response containing information from which said parameter LAmax can be derived 

1 1 . Data storage system (1), comprising: 

a writeable storage medium (2) having a physical storage space (3) comprising 
15 two or more layers ^0; LI) of physical storage locations, each storage location (4) having a 
pl^sical address (PA), the physical storage space (3) con^rising a logical storage space 
(LSS) wMch contains storage locatioiis wifhin a first one (LO) of said layers and 
subsequent one (LI) of said layers, the storage locations in said logical storage space (LSS) 
having contiguously numbered logical addresses (LA); 
20 a medium access device (10) in accordance with claim 1; and 

a host device (20), capable of cooperating with said medium access device 

(10). 

12. Data storage system according to claim 1 1, comprising a storage medium (2) 
25 in accordance wilh claim 4 and a medium access device (10) in accordance with claim 5. 

13. Data storage system according to claim 11, wherein said storage medium is an 
optical disc, preferably a DVD, more preferabty a DVD+R, and wherein said medium access 
device is a disc drive. 

30 

14. Data storage system according to claim 1 1, coirprising a host device (20) 
according to claim 6 and a medium access device (10) in accordance with claim 8. 
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1 5. Data storage system according to claim 14, wherein said limit fix command 
(LFC) is sent as a modified RESERVE TRACK (RT) command. 

1 6. Data storage system according to claim 1 5, wherein the value of bit 0 of byte 1 
of the RESERVE TRACK (RT) command indicates that this command is to be mterpreted as 
a limit fix command (LFC), and wherein the bytes S to 8 of the RESERVE TRACK (RT) 
command contain a value indicating LAmax. 

17. Data storage system according to claim 14, wherem said limit fix command 
(LFC) is sent as a modified WRITE PARAMETERS PAGE (WPP) command 

1 8. Data storage system according to claim 17, wherein the value of bit 6 of byte 0 
of the WRITE PARAMETERS PAGE (WPP) commaad indicates that this command is to be 
interpreted as a limit fix command (LFQ, and wherein the bytes 32 to 47 of the WRITE 
PARAMETERS PAGE (WPP) command contain a value indicating LAmax. 

19. Data storage system according to claim 14, wherein said limit fix command 
(LFQ is sent as amodified SEND DVD STRUCTURE (SDS) command. 

20. Data storage system according to claim 19, wherein value 20h tor byte 7 
indicates that the SDS command contains 17 bytes, and that bytes 14-16 contain a value 
indicating LAmax. 



21- Data storage system accordiQg to claim 11, coir5)rising a host device (20) 

according to claim 9 and a medium access device (10) according to claim 10. 

22. Data storage system according to claim 21 , wherein said Disc Read Command 
is sent as a modified READ DVD STRUCTURE (RDS) command. 

23. Data storage system according to claim 22, wherein value 20h for byte 7 
indicates lhat the RDS corninand is to be taken as a Disc Read Corrunaad. 



24. Data storage system according to claim 2 1 , wherem said Disc Read Response 

is sent as modified Read DVD Stmcture Data. 
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25. Data stsaiage system accoiding to claim 24, wherein bytes 2-4 of fhe "DVD 

Lead-in Structure" field are used to convey information indicating whether or not said 
parameter LAmax is chaugeable. 
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ABSTEIACT: 



A data storage system (1) comprises: 

an optical disc (2) having a physical storage space (3) coniprising two layers 
(LO; LI) of physical storage locations, the physical storage space comprising a logical storage 
space (TLSS) which contains storage locations within a first layer (LO) and within a second 
5 layer (LI), the storage locations in said logical storage space having contiguously numbered 
logical addresses (LA); 

a disc drive (10) c^^able of writing information in the logical storage space of 

said optical disc; 

the disc drive having an address limit memory (12), containing at least a vahie 
10 for a parameter LAmax indicating the Tyif<^tninn value of said logical addresses of tiie storage 
locations (4) in said first storage layer (LO); 

the disc drive (10) being capable of changing the value in said address limit * 
memory (12); and 

a host device (20), capable of cooperating wifli said disc drive (10). 

15 

Figure 1 
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Table 1 - RESERVE TRACK Command Descriptor Block 



Bit 

Byte 


76543210 


0 


Operation Code (53h) 


1 


Reserved | ol 


2 


Reserved 


3 


Reserved 


4 


Reserved 


5 


(MSB) 

Reservation 
Size 

(LSB) 


6 


7 


8 


9 


Control Byte 



HG.6 
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Write Parameters Page 



Bft 

Byte 


7 


6 


5 


4 


3 2 10 


0 


PS 


DL 


Page Code (G5h) 


1 


Page Length (32h) 


2 


Reserved | BUFE 


LS_V 


Test Write 


Write Type 


3 


Multi-session 


FP 


Copy 


Track Mode 


4 


Reserved 


Data Block Type 


5 


Unk Size 


6 


Fteserved 


7 


Reserved | Initiator Application Code 


8 


Session Format 


9 


Reserved 


10 


(l^SB) 

Pad^et Size 

(LSB) 


11 


12 


13 


14 


(MSB) Audio Pause Length 

(LSB) 


15 


lO 


(MSB) 

Media Catalog Number 

(LSB) 


17 




30 


31 


32 


(MSB) 

International Standard Recording Code 

(LSB) 


33 




46 


47 


48 


Sub-header Byte 0 


49 


Sub-header Byte 1 


50 


Sub-header Byte 2 


51 


Sub-header Byte 3 


^-55 


Vendor Specific 
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